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Objectives: Few studies describe the trajectories of cognitive function for hip-fracture patients following
hospital discharge and the treatment effects of interdisciplinary intervention on cognitive outcomes.
The purpose of this study was to explore the 2-year postoperative trajectory for cognitive function of
older hip-fracture patients and cognitive effects of an interdisciplinary intervention.
Methods:Of 160 subjects randomly assigned to groups, 29 (35.8%) in the control group (n= 81) and 30
(38.0%) in the intervention group (n= 79) were cognitively impaired at admission. The intervention
group received geriatric consultation, continuous rehabilitation, and discharge planning. Subjects’
cognitive function was measured using the mini mental state examination Taiwan version at admission,
6, 12, 18, and 24months after discharge and analyzed using hierarchical generalized linear models.
Results: Patients who received the intervention program had 75% less likelihood of being cognitively
impaired 6months following discharge than those who received routine care (odds ratio = 0.25, p< 0.001).
The difference between the control and intervention groups was small at admission, peaked at 18months,
and decreased from 18 to 24months following discharge.
Conclusions:Our interdisciplinary intervention improved the long-term postoperative cognitive functioning
of older persons with hip fracture in Taiwan. Copyright# 2013 John Wiley & Sons, Ltd.
Key words: hip fracture; cognitive function; interdisciplinary intervention; older persons
History: Received 17 May 2012; Accepted 22 January 2013; Published online 16 March 2013 in Wiley Online Library
(wileyonlinelibrary.com)
DOI: 10.1002/gps.3945
Introduction
Cognitive impairment, which occurs in 31–88% of
postoperative older persons with hip fracture
(Holmes and House, 2000a, 2000b), has been found
to predict poor functional recovery and to increase
risk of mortality (Heruti et al., 1999; Holmes and
House, 2000b; Nightingale et al., 2001; Clague et al.,
2002; Gruber-Baldini et al., 2003). However, most
of these studies investigated the cognitive functioning
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of hip-fracture patients within the ﬁrst week after
surgery and mostly during hospitalization. More
long-term cognitive functioning of these patients
has been examined in only a few studies. These study
ﬁndings indicate that cognitive impairment not only
occurs during the immediate postoperative period
but also persists during the ﬁrst year following hip
fracture. For example, one study found that patients
who received total hip arthroplasty developed a sig-
niﬁcant degree of cognitive impairment during the
ﬁrst year following hospital discharge (Haentjens
et al., 2005). In another study, older adults’ postoper-
ative cognitive function remained impaired at
12months (47.8%) following the fracture, and the
persistence of cognitive impairment predicted poor
recovery (Gruber-Baldini et al., 2003). However,
these studies mostly focused on changes between
two points and did not describe the level and rate of
change in conjunction with the shape of change over
time in cognitive functioning. Timing of cognitive
impairment is important to investigate in studies of
hip-fracture patients to understand the etiology of
their cognitive impairment and its potential treat-
ment (Gruber-Baldini et al., 2003). Furthermore,
most of the aforementioned studies were conducted
in developed countries, and little is known about
postoperative cognitive function of hip-fracture older
persons in Asian countries.
An interdisciplinary intervention program in
Taiwan improved health and functional outcomes
of older persons with hip fracture (Shyu et al.,
2010) and also on hip-fractured patients with cogni-
tive impairment (Shyu et al., 2012).However, that
clinical trial did not explore treatment effects on the
cognitive functioning outcome of these older persons
with hip fracture. Unlike prior studies that primarily
focused on physical recovery, current focused on
describing the trajectories of postoperative cognitive
functioning of older persons with hip fracture and
on exploring the effects of interdisciplinary interven-
tion on cognitive functioning.
Postoperative cognitive dysfunction in hip-fracture
older persons was found to have a clear tendency
for time-related improvement (Bodolea et al., 2008),
and cognitive impairment was found to persist up
to 2 years after hip fracture (Samuelsson et al.,
2009). Thus, the purposes of this study were to
investigate the following: (1) the 2-year trajectory
of recovery from cognitive impairment, not only
the linear function but also quadratic and cubic
functions, (2) the effects of an interdisciplinary
intervention on the level and speed of change in
cognitive function, and (3) the effect of at-admission
(preoperative) cognitive function on the cognitive
function trajectory.
Methods
Design and data
Data for the present study came from the 2-year fol-
low-up of a clinical trial examining the effectiveness
of an interdisciplinary intervention program for older
persons with hip fracture (Shyu et al., 2010). Of the
162 subjects (82 in the control group and 80 in the
intervention group), 160 completed at-admission
assessment of cognitive function, and their data were
used for the current study. Of 160 subjects randomly
assigned to groups, 29 (35.8%) in the control group
(n= 81) and 30 (38.0%) in the intervention group
(n= 79) were cognitively impaired at admission. The
majority of participants completed the follow-ups at
12 (n= 121, 75.6%; 60 and 61 in the intervention
and control groups, respectively) and 24months
(n= 103, 64.4%; 55 and 48 in the intervention and
control groups, respectively).
Patients were included in the study if they met these
criteria: (1) age 60 years or older; (2) admitted to
hospital for an accidental single-side hip fracture;
(3) receiving hip arthroplasty or internal ﬁxation; (4)
able to perform full range of motion against gravity
and against some or full resistance and have a pre-
fracture Chinese Barthel Index score>70; and (5) living
in northern Taiwan. Patients were excluded if they were
(1) severely cognitively impaired, making them unable
to follow orders (score <10 on the mini-mental state
examination [MMSE], Taiwan version) (Yip et al.,
1997), or (2) terminally ill.
Intervention program and usual care
The interdisciplinary intervention program included
geriatric consultation services, a continuous rehabilita-
tion program, and discharge-planning services and
lasted until 3months after discharge (Shyu et al.,
2005; Shyu et al., 2008). The geriatric assessment/
consultation was administered by a geriatrician and
geriatric nurses during hospitalization, before and
after surgery to detect potential medical and func-
tional problems and to decrease delays before surgery.
Continuous rehabilitation included inpatient and at-
home programs and was delivered by geriatric nurses
and physical therapists to provide early postoperative
rehabilitation, facilitate mobility, and provide rehabili-
tation in the patient’s usual environment. Both in-
1223Intervention decreases cognitive impairment
Copyright # 2013 John Wiley & Sons, Ltd. Int J Geriatr Psychiatry 2013; 28: 1222–1231
hospital and at-home rehabilitation programs included
a hip fracture-oriented intervention and a ﬁtness-
enhancing intervention. The hip fracture-oriented re-
habilitation emphasized pain relief, range of motion,
muscle strength and endurance, proprioceptive en-
hancement, and balance challenges. The exercise pro-
tocol was individualized according to each patient’s
condition and progressed from ankle dorsiﬂexion
with knee extension, isometric full knee extension,
gently bouncing vertical jump with knee semiﬂexed
and foot on the ﬂoor, and ball-rolling activities to
enhance proprioception. The discharge-planning
component was delivered by geriatric nurses of the
interdisciplinary team to maintain continuity of care
and to make appropriate referrals. The geriatric
nurses also assessed the home environment, made
suggestions regarding environmental modiﬁcations,
and monitored clinical follow-up adherence. Subjects
in the control group received usual care that does
not include geriatric assessment, in-home rehabilita-
tion, and individualized discharge planning with
discharge telephone follow-up and home environment
assessment.
Procedures
Before data were collected from subjects, the study was
approved by the hospital’s institutional review board.
Subjects were recruited from the emergency depart-
ment by research nurses. Those who agreed to partic-
ipate were randomly assigned to either an intervention
or control group. Subjects in the intervention group
received routine hospital care plus the intervention
program, and subjects in the control group received
only routine hospital care plus regular social contact
provided by a research nurse at the same time that
the intervention group received the intervention. Sub-
jects’ cognitive function was assessed by the research
nurses at admission as well as 6, 12, 18, and 24months
following discharge.
Measurements
Subjects’ cognitive function was measured using the
MMSE Taiwan version (Folstein et al., 1975; Yip
et al., 1992). The MMSE was chosen after a systematic
review found that it has been used in many studies to
measure cognitive impairment following hip fracture
(Holmes and House, 2000a). The 11-item MMSE
assesses subjects’ orientation, memory, common sense,
ability to use language, construction ability, as well as
content of thought, form, and process (Folstein et al.,
1975). Total scores range from 0 to 30, with higher
scores indicating better cognitive function. The MMSE
was used as a screening instrument to determine
subjects’ cognitive status at admission, that is, whether
they had cognitive impairment before surgery. Preoper-
ative cognitive performance has been used as a baseline
measure to detect postoperative cognitive decline
(Bodolea et al., 2008). Subjects were categorized as
cognitively impaired if they had <6 years of education
and their MMSE score was <21or if they had ≥6
years of education and their MMSE score was <25
(Yip et al., 1992). In this study, patients’ cognitive
function was assessed by a geriatric nurse in face-
to-face interviews using the MMSE at the hospital
for baseline assessment and during home visits for
follow-up assessments. In addition to treatment
group and baseline MMSE score, age, gender, and
education were treated as covariates.
Statistical analysis
Changes in cognitive functioning were analyzed by hi-
erarchical generalized linear models (Raudenbush and
Bryk, 2002). Because MMSE scores exhibited a skew
distribution, cognitive function was treated as a binary
variable (1, cognitively impaired; 0, not cognitively im-
paired). On the basis of repeated observations within
subjects, we modeled the log-odds of an individual
being cognitively impaired relative to not being cog-
nitively impaired as a function of time since baseline
(i.e., hospital admission) in the following equation:
ln pij=1 pij
  ¼ p0i þ p1iTimeij þ Eij (1)
where pij is the probability of individual i being
cognitively impaired at time j. Timeij measures the
number of months of follow-up since hospital admis-
sion. p0i and p1i, respectively, are the intercept and
rate of change (i.e., linear slope) in the log-odds of
individual i being cognitively impaired over time. Εij
is a random error. We also explored nonlinear
changes with time by incorporating a quadratic term
of the time variable (e.g., Time2ij ) in Equation (1).
When evaluating nonlinear changes with time, we
centered time at 6months after discharge to mini-
mize the possibility of multicollinearity.
To explore the effects of the interdisciplinary inter-
vention and preoperative cognitive status on the level
of cognitive functioning (p0i) and its rate of change
over time (p1i), we used the following equations.
p0i ¼ b00 þ Σ b0qZqi
 
þ r0i (2)
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p1i ¼ b10 þ Σ b1qZqi
 
þ r1i (3)
where b0q and b1q, respectively, represent the effects
of the qth covariate (e.g., age, gender, education,
and the intervention program) on the log-odds of
being cognitively impaired and its rate of change
for individual i. r0i and r1i are random effects with
a mean of 0. Finally, the effect of attrition was
controlled by including two dummy variables, which
identiﬁed participants who died during the 2-year
follow-up period and those who dropped out for
other reasons.
Results
The odds of cognitive impairment follows a quadratic
trajectory
The intervention group and control groups did
not differ signiﬁcantly at baseline in age, gender,
marital status, education background, number of
co-morbidities, type of fracture and surgery, time
before surgery, American Society of Anesthesiologists
rating, pre-fracture Chinese Barthel Index score, and
length of hospital stay (Shyu et al., 2010). In our anal-
ysis, subjects’ baseline characteristics were treated as
baseline covariates (Table 1). These subjects were all
community dwelling and returned to the commu-
nity after discharge. The odds of being cognitively
impaired decreased, approximated by a quadratic tra-
jectory (model 1 in Table 2). The decrease in cogni-
tive impairment was offset by a positive curvature
or quadratic slope with time (b= 0.004, odds ratio
[OR] = 1.004, 95% conﬁdence interval [CI] = 1.001–
1.007, p< 0.05). Figure 1(A) shows the probability
of being cognitively impaired over time. In particular,
it decreased during the ﬁrst year but increased during
the second year.
Cognitive function trajectory of intervention group is
better than that of control group
The interdisciplinary intervention signiﬁcantly inﬂu-
enced the postoperative trajectory of cognitive function-
ing. In particular, subjects who received the intervention
program were 75% less likely to be cognitively impaired
Table 1 Comparison of subjects’ characteristics and covariates by group (N = 160)
Characteristic Total (n=160 ) Intervention group (n=79 ) Control group (n=81 ) p*
Age, mean (SD), years 78.19(7.80) 77.38(8.24) 78.98(7.31) 0.197
Gender, n (%) 1.00
Male 50(31.3) 25(31.6) 25(31.6)
Female 110(68.8) 54(68.4) 56(69.1)
Marital status, n (%)
Married 83(51.9) 37(46.8) 46(56.8) 0.350
Widowed 75(46.9) 40(50.6) 35(43.2)
Other 2(1.2) 2(2.6) 0(0)
Educational background, n (%) 0.732
Illiterate 78(48.8) 40(50.6) 38(46.9)
Primary school 51(31.9) 22(27.8) 29(35.8)
High school 18(11.3) 10(12.7) 8(9.9)
College or above 13(8.1) 7(8.9) 6(7.4)
Baseline cognitive status (MMSE score), n (%)
10–14 10(6.2) 4(5.1) 6(7.4) 0.567
15–19 30(18.8) 18(22.8) 12(14.8)
20–24 40(25.0) 20(25.3) 20(24.7)
25–30 80(50.0) 37(46.8) 43(53.1)
Death, n (%)
Month 6 5(3.1) 1(1.3) 4(4.9) 0.367
Month 12 10(6.3) 4(5.1) 6(7.4) 0.746
Month 18 17(10.6) 7(8.9) 10(12.3) 0.610
Month 24 22(13.8) 9(11.4) 13(16.0) 0.493
Dropped out, n (%)
Month 6 24(15.0) 13(16.5) 11(13.6) 0.662
Month 12 29(18.1) 15(19.0) 14(17.3) 0.839
Month 18 31(19.4) 15(19.0) 16(19.8) 1.00
Month 24 35(21.9) 15(19.0) 20(24.7) 0.446
SD, standard deviation; MMSE, mini mental state examination.
*p determined by independent-samples t-test or chi-square test.
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6months following discharge than those who received
usual care (b=1.40, OR=0.25, 95% CI=0.11–0.56,
p< 0.001; model 2 in Table 2). The probability of cog-
nitive impairment in the control group was higher than
in the intervention group, and the difference between
groups increased before 18months after discharge but
decreased thereafter (Figure 1(B)). The treatment effect
on decreasing cognitive impairment was greater within
18months following discharge. For subjects in the
intervention group, the probability of being cognitively
impaired decreased from 0.26 to 0.05 during the ﬁrst
12months after discharge, remained low, then increased
at an accelerating rate (from 0.13 to 0.66) between 18
and 24months after discharge. On the other hand, for
subjects in the control group, the probability of being
cognitively impaired decreased from 0.34 to 0.21 during
the ﬁrst 6months after discharge and then increased
in an accelerating fashion to 0.75 during the following
24months.
Odds of cognitive impairment after discharge is inﬂuenced
by cognitive status at admission
The odds of cognitive impairment during the 24-month
period after discharge were substantially inﬂuenced by
cognitive functioning at admission. Subjects who were
cognitively impaired at admission were 36.81 times
more likely than cognitively intact subjects to have im-
paired cognitive functioning 6months after discharge
(b=3.61, OR=36.81, 95% CI= 13.59–99.68, p< 0.001;
model 2 in Table 2). The linear rate of change in the
odds of cognitive impairment was lower among subjects
who were cognitively impaired at admission than
among those who were cognitively intact (b=0.42,
OR=0.66, 95% CI= 0.57–0.75, p< 0.001). However,
the curvature or quadratic rate of change in the
odds of cognitive impairment was signiﬁcantly higher
for those with cognitive impairment at admission
(b= 0.02, OR= 1.02, 95% CI = 1.01–1.04, p< 0.001).
Table 2 Intrapersonal and interpersonal differences in postoperative cognitive function for older persons with hip fracture
Variable
Model 1 Model 2
Coefficient OR (95% CI) Coefficient OR (95% CI)
Fixed effect
For intercept (p0)
Intercept (at 6months) 1.11*** 0.33 (0.22–0.49) 1.35** 0.26 (0.11–0.59)
Ever dropped out 0.07 1.06 (0.03–33.95)
Death 1.46* 4.30 (1.13–16.43)
Intervention group 1.40*** 0.25 (0.11–0.56)
At-admission cognitive impairment 3.61*** 36.81 (13.59–99.68)
Age 0.09** 1.09 (1.03–1.16)
Male 0.19 0.83 (0.34–2.02)
≥Primary school 0.35 0.70 (0.27–1.84)
For linear time slope (p1)
Intercept 0.06* 0.95 (0.91–0.99) 0.05 0.95 (0.88–1.03)
Ever dropped out 0.10 1.10 (0.80–1.53)
Death 0.07 1.07 (0.87–1.31)
Intervention group 0.11 0.89 (0.80–1.00)
At-admission cognitive impairment 0.42*** 0.66 (0.57–0.75)
Age 0.004 1.00 (0.99–1.01)
Male 0.14 1.14 (0.98–1.34)
≥Primary school 0.24*** 0.78 (0.68–0.90)
For quadratic time slope (p2)
Intercept 0.004* 1.004 (1.001–1.007) 0.01 1.01 (0.99–1.02)
Ever dropped out 0.02 1.02 (0.97–1.07)
Death 0.004 1.00 (0.99–1.02)
Intervention group 0.01* 1.01 (1.00–1.02)
At-admission cognitive impairment 0.02*** 1.02 (1.01–1.04)
Age 0.000 1.00 (0.99–1.00)
Male 0.01 0.99 (0.98–1.00)
≥Primary school 0.02** 1.02 (1.01–1.03)
Random effect
Intercept 2.84*** 1.57
Linear time slope 0.002 0.010
Quadratic time slope 0.000 0.000
OR, odds ratio; 95% CI, 95% conﬁdence interval.
*p< 0.05, **p< 0.01, ***p< 0.001.
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The difference in cognitive impairment between
those with and without baseline or at-admission cog-
nitive impairment was large but decreased signiﬁcantly
during the ﬁrst year after discharge. This difference
continued to narrow but at a more moderate rate from
12 to 24months following discharge (Figure 1(C)).
Throughout the 2-year follow-up, the predicted
probability of being cognitively impaired for those
with at-admission cognitive impairment decreased
from 1.00 to 0.66 during the ﬁrst 12months and then
increased from 0.66 to 0.99 from 12 to 24months
following discharge. During the same period, the
probability of cognitive impairment was much lower
for subjects without at-admission cognitive impair-
ment. These subjects’ probability decreased during
the ﬁrst 12months from 0.34 to 0.23 but increased
from 12 to 24months to 0.75.
Odds of being cognitively impaired after discharge with
adjustment for covariates
The odds of being cognitively impaired during the
24months after discharge were also signiﬁcantly
associated with the intervention effects, education,
age, and at-admission cognitive status (model 2
in Table 2). However, even when age, gender,
and education were adjusted, the effects of inter-
vention and cognitive status at admission remained
robust.
To control for potential confounding with the
effects of randomized intervention, we included mea-
sures of mortality and dropout in model 2. The like-
lihood of having cognitive impairment at 6months
following discharge was 4.3 times greater for those
who died than those who survived during the 2-year
follow-up (b= 1.46, OR = 4.30, 95% CI = 1.13–16.43,
p< 0.05; model 2 in Table 2). However, the decedents
and survivors did not differ signiﬁcantly in their
linear and quadratic rates of change in the odds of
being cognitively impaired. Furthermore, the level
and rate of change in the odds of being cognitively
impaired were not associated with dropout (model 2
in Table 2).
We have tested the intervention effect by ini-
tial cognitive status-group interaction in model 3
(Appendix A). As shown in Figure A1, the effect
of the intervention differs depending on the initial
cognitive status. Among those who were cogni-
tively impaired at baseline, the intervention effect
increased between discharge and 12months after-
wards. During the next 12months, however, the
intervention effect began to diminish, and the levels
of cognitive impairment eventually converged at
month 24. In contrast, among those who were not
cognitively impaired, the treatment effect remained
robust and even increased slightly throughout the
24-month period.
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Figure 1 (A) Changes in cognitive impairment over time by model 1,
(B) postoperative cognitive function by treatment group based on the ﬁnal
model (model 2), and (C) postoperative cognitive function by at-admission
cognitive status based on the ﬁnal model (model 2).
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Discussion
This study contributes to current understanding of
recovery from hip fracture in several ways. First, the
results quantitatively depict the long-term trajectory of
postoperative cognitive function among older patients
with hip fracture. We found that changes in the odds
of cognitive impairment during the ﬁrst 2 years follow-
ing discharge can be approximated by a quadratic
function. Regardless of at-admission cognitive status,
patients’ probability of cognitive impairment decreased
during the ﬁrst 6months following discharge and
remained relatively stable until 12months, although
some older patients have been reported to have
cognitive impairment 1 year following hip fracture
(Gruber-Baldini et al., 2003; Haentjens et al., 2005).
We also found that the chance of cognitive impair-
ment for the whole sample increased during the
second year following discharge. This result differs
from that of a previous study that also used MMSE
scores to assess cognitive function in 547 community-
dwelling older persons 70 years and older (Royall
et al., 2004). In that study, cognitive impairment
did not increase during the 3 years of observation;
indeed, the mean MMSE scores were relatively stable
(Royall et al., 2004). The difference between that study
and ours might be due to the impact of hip fracture,
that is, the decline in cognitive function might be more
severe during the second year after discharge for older
persons with hip fracture than for community-dwelling
older persons without hip fracture. This possibility
needs to be further explored.
Second, this study shows that the interdisciplinary
intervention reduced the risk for cognitive impair-
ment in addition to recovering physical function
(Shyu et al., 2010) and the cognitive beneﬁts were
maintained for up to 2 years after discharge. The inter-
vention effect on reducing cognitive impairment
increased during the ﬁrst year and reached its maxi-
mum at 18months but decreased from the 18th
month to 2 years after discharge. Although the inter-
disciplinary intervention did not target cognitive func-
tion, it might have indirectly enhanced postoperative
cognitive function by improving physical function,
which has been associated with cognitive status (Milisen
et al., 1998; Plehn et al., 2004).
Third, this study found that at-admission cognitive
status inﬂuenced the trajectory of risk for postopera-
tive cognitive impairment for 2 years after discharge.
This result is consistent with a previous report that
the presence of preoperative cognitive impairment in
older persons with hip fracture strongly predicted
postoperative impairment (MMSE scores) at 2 and
12months (Gruber-Baldini et al., 2003). Further stud-
ies are needed to explore whether the higher chance of
cognitive impairment for those with at-admission cog-
nitive impairment is associated with prior neuronal
depopulation or by functional impairment of neuro-
nal pathways (Maze et al., 2008). We also analyzed
the trajectories by treating MMSE score as a continu-
ous variable and found similar results (Appendix B
and Figure B1). Subjects who received the intervention
program had better cognitive function (higher MMSE
scores) than those who received usual care. In addition,
subjects who were cognitively impaired at admission
had poorer cognitive function (lower MMSE scores)
than those who were cognitively intact at admission.
The trajectory was approximated by a quadratic
function. Our criteria for selecting subjects excluded
older persons with severe cognitive impairment. Thus,
our sample may have had better cognitive function
than the general population of older persons with
hip fracture in Taiwan. The results of this study can
therefore only be generalized for hip-fracture older
persons without severe cognitive impairment. Another
limitation of our study was the lack of a comparison
group without hip fracture; thus, cognitive trajectories
could not be compared between older persons with
and without hip fracture. Furthermore, we did not
collect data on Alzheimer’s and related dementia
diagnoses prior to hip fracture or on delirium diag-
nosed in the hospital, although pre-existing cognitive
impairment is a risk factor for postoperative delirium
(Deiner and Silverstein, 2009), and delirium was the
main predictor of dementia 6months after hip fracture
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Figure A1 Intervention by initial cognitive status–group interaction
effect based on model 3 in Appendix A.
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(Krogseth et al., 2011). The generalizability of our
ﬁndings might also have been limited by using a single
study site. Nonetheless, our sample was quite similar to
that of another study conducted in central Taiwan on
older persons with hip fracture (Wong et al., 2008).
A ﬁnal limitation of this study was that dementia and
delirium were not differentiated.
In conclusion, despite this study’s limitations, our
interdisciplinary intervention beneﬁted the postoper-
ative cognitive function of older Taiwanese with hip
fracture for 2 years following discharge. These study
results indicate that this patient population needs to
be clinically assessed and managed for postoperative
cognitive impairment for at least 2 years following
discharge. Speciﬁc attention needs to be paid to older
persons with at-admission cognitive impairment.
We suggest that future studies include assessments
of both cognitive impairment and psychological
status in detail and clinically differentiate between
delirium and dementia.
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Key points
• The odds of cognitive impairment during the ﬁrst
2 years following discharge can be approximated
by a quadratic function.
• The interdisciplinary intervention beneﬁted the
postoperative cognitive function of elderly
Taiwanese with hip fracture for 2 years
following discharge.
• At-admission cognitive status inﬂuenced the
trajectory of risk for postoperative cognitive
impairment for 2 years after discharge.
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Appendix A
Intervention by initial cognitive status–group interaction effect (reference group is control groupwithout cognitive impairment)
Variable
Model 1 Model 3
Coefficient OR (95% CI) Coefficient OR (95% CI)
Fixed effect
For intercept (p0)
Intercept (at 6months) 1.11*** 0.33 (0.22–0.49) 1.34** 0.26 (0.11–0.62)
Ever dropped out 0.04 0.96 (0.03–34.81)
Death 1.42* 4.13 (1.09–15.61)
Age 0.09** 1.09 (1.03–1.16)
Male 0.29 0.75 (0.29–1.90)
≥Primary school 0.33 0.72 (0.28–1.85)
Intervention group with cognitive impairment 2.14** 8.47 (2.61–27.50)
Intervention group without cognitive impairment 1.16* 0.31 (0.11–0.90)
Control group with cognitive impairment 3.96*** 52.52 (12.31–224.09)
For linear time slope (p1)
Intercept 0.06* 0.95 (0.91–0.99) 0.05 0.95 (0.87–1.03)
Ever dropped out 0.09 1.10 (0.79–1.54)
Death 0.06 1.07 (0.87–1.31)
Age 0.004 1.00 (0.99–1.01)
Male 0.13 1.14 (0.96–1.36)
≥Primary school 0.24** 0.78 (0.69–0.90)
Intervention group with cognitive impairment 0.53*** 0.59 (0.49–0.70)
Intervention group without cognitive impairment 0.10 0.90 (0.78–1.05)
Control group with cognitive impairment 0.43*** 0.65 (0.53–0.80)
For quadratic time slope (p2)
Intercept 0.004* 1.004 (1.001–1.007) 0.01 1.01 (0.99–1.02)
Ever dropped out 0.02 1.02 (0.97–1.08)
Death 0.005 1.01 (0.98–1.03)
Age 0.000 1.00 (0.99–1.00)
Male 0.01 0.99 (0.98–1.00)
(Continues)
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Appendix B
Intrapersonal and interpersonal differences in postoperative cognitive function for older persons with hip fracture (N=160)
Variable
Model 1 Model 2
Coefficient Coefficient
Fixed effect
For intercept (p0)
Intercept (at 6months) 24.07*** 23.90***
Ever dropped out 1.60
Death 1.79
Intervention group 1.89**
At-admission cognitive impairment 5.66***
Age 0.10*
Male 0.28
≥Primary school 3.51***
For linear time slope (p1)
Intercept 0.008 0.06
Ever dropped out 0.25
Death 0.35*
Intervention group 0.30**
At-admission cognitive impairment 0.33**
Age 0.01
Male 0.05
≥Primary school 0.11
For quadratic time slope (p2)
Intercept 0.007** 0.01***
Ever dropped out 0.02
Death 0.03*
Intervention group 0.01**
At-admission cognitive impairment 0.02**
Age 0.00
Male 0.002
≥Primary school 0.009
Random effect
Intercept 26.42*** 9.16***
Linear time slope 0.16*** 0.12***
Quadratic time slope 0.000 0.00**
Deviance 3346 3142
Number of estimated parameters 7 7
Outcome variable is MMSE score.
*p< 0.05, **p< 0.01, ***p< 0.001.
(Continued)
Variable
Model 1 Model 3
Coefficient OR (95% CI) Coefficient OR (95% CI)
≥Primary school 0.02** 1.02 (1.01–1.03)
Intervention group with cognitive impairment 0.03*** 1.03 (1.02–1.05)
Intervention group without cognitive impairment 0.01 1.01 (0.99–1.02)
Control group with cognitive impairment 0.02** 1.02 (1.01–1.04)
Random effect
Intercept 2.84*** 1.61
Linear time slope 0.002 0.01
Quadratic time slope 0.000 0.000
Notes: OR, odds ratio; 95% CI, 95% conﬁdence interval.
*p< 0.05, **p< 0.01, ***p< 0.001.
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